MATERIALS AND METHODS
Materials.
Rana japonica and R. niguromaculata from September to the next April were used. One of the pair sartorius muscles of frog was denervated, and another was served as the control.
Prior to the experiments, isolated muscles were always immersed in Ringer solution for 1 hour.
2. Procedure of denervation. Some frogs were anaesthetized with 1-2 ml of 8% solution of urethane injected intraperitoneally, but in most cases, anaesthesia was not used, since no essential trouble occurred at the time of operation.
About 10 mm of sciatic nerve and all its branches were removed through the small incision which was made at the back of thigh root10, 13, 16) . The operated frogs were kept from 8 to 41 days at room temperature.
In order to confirm whether the denervation had been perfectly accomplished, the mechanical responses of the muscles to indirect electrical stimulations and to acetylcholine were tested.
All experiments were performed on the perfectly denervated muscles.
3. Recording of electrical phenomena. The resting and the action potentials of muscle fibers were determined using the intracellular microelectrode technique with the method described previously9).
In the present experiments, however, the stimulation electrodes consisted of two Ag-AgCl wire electrodes. The stimuli were applied to the muscle transversely. At the 30th day after denervation the size of contraction was below 50% of the control. Also in the case of isometric tetanus the tension development was reduced in denervated muscles (FIGs . 3a and 3b). In denervated muscles, the conduction velocity of action potentials decreases27, 37, 48, 49) , and the action potential deforms with its conduction21). These alterations involve the possibility that, if the electrical stimulation is given incautiously at random on denervated muscles, the magnitude of evoked contraction decreases owing to the insufficient spatial and temporal summation of contractions in each part of muscle fibers and to the insufficient activation of contractile apparatus due to the deformed action potentials.
In the present experiments, however, all these possible disturbances could be excluded by means of employing the massive electrodes, which were able to stimulate all points of muscle simultaneously29).
It is already known that the action potentials evoked by massive stimulations are the same as those caused by ordinary point stimulations29).
It is, thus, indicated that the results of FIGS. 1 and 2 were not due to the changes in the electrical activity of these denervated muscle fibers. The size and shape of the responses in the denervated muscle were not different from the control. From these results and those in glycerol-extracted muscle fibers mentioned above, it is deduced that the function of contractile apparatus to contract and the direct energy source for contraction remain intact at least 30 days after denervation.
ATP contraction in glycerol-

Duration of the plateau of active state.
The effective stimulus to con traction is followed by a sudden change in the mechanical properties of muscle, that is, the development of active state23, 35, 36 
DISCUSSION
The results in FIGS. 1, 2a and 2b show that in frog skeletal muscles , the mechanical responses evoked by direct electrical stimulations remarkably decrease with lapse of time after denervation . In spite of the reduction in the mechanical responses, the resting and the action potentials of these muscles were not changed (FIG. 4 and TABLE 1 ). And the size of caffeine-induced contracture (FIG. 3) and the ATP-induced contraction in glycerol-extracted fibers (TABLE 2) of denervated muscles were not different from those in the control.
It is considered that the contractile element and the energy source for contraction
were not affected by denervation at least in this experimental period. Therefore, it is concluded that the reduction in the mechanical responses of denervated muscles to electrical stimulations is due to gradual impairment of the E-C coupling process .
It is noticeable that the twitch size of denervated muscles reduces without any change in the plateau duration of the active state . It is well known that the E-C coupling process correlates together with the active state , and some changes in the coupling process can influence the active state50,51,52); e . g. the enhancing action of the monovalent anion series53,32) upon the mechanical responses has been explained as a result of the prolongation in the plateau duration of the active state under the influence of these anions on the coupling process.
However, the present results in denervated muscles showed that no change in the plateau duration of the active state and , in addition, the mechanical responses to electrical stimulations reduced remarkably even in the case of complete tetanus. These facts suggest strongly that the reduction of the mechanical responses may originate in the decrease in the intensity of the active state of denervated muscles. From these considerations, it may be pointed out that the E-C coupling process can affect not only the plateau duration of the active state, but also the intensity of the state . Recently, the sarcoplasmic reticulum system within muscle cells is noticed as the structural basis for the intracellular impulse conduction38, 39, 40, 41, 42) . KRUGER and GUNTHER18) observed photomicroscopically in mammalian skeletal muscle fibers that the denervation produces an interesting structural change in the reticulum system previously to all other alteration of the muscle fibers. In regard to this respect, electron microscopic study on the subcellular structures of denervated muscle fibers is very interesting .
Many reports43, 44, 46) have presented the view that Ca ion may be a linking ,agent between the excitation of the plasma membrane and the contraction of muscle.
It would be thus interesting to examine whether the linking process is depressed selectively by a possible decrement of Ca metabolism in denervated muscles.
Concerning this problem, however, our unpublished data show that the increment of Ca ion concentration up to 2.6 mM in bathing solution has not brought about any sign of increase in twitch tension of denervated muscles. Of course, this result itself would not exclude the emphasized role of Ca ion in the linking process.
In view of many reports and the present results about the effects of denervation on the function of muscles, it would be very interesting to note that, in the entire processes of the propagation of impulses of excitation from motor nerve fibers to muscle ones and, furthermore, to the contractile elements within them, there are at least two sites, which are easily affected by denervation, namely, the neuromuscular junction10, 22) and the E-C coupling process. 
